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(57) ABSTRACT

The present invention relates to a composition having antivi-
ral activity for prophylaxis or treatment of flavivirus infection
or a disease resulting therefrom in humans or animals, char-
acterized in that said composition consisting of baicalein, or
analogs, or derivatives thereof. The composition may further
comprise a pharmaceutically acceptable carrier. The antiviral
activity may include inhibition of virus attachment to host
cells, inhibition of intracellular virus replication and direct
virucidal activity. The flavivirus may comprise dengue virus
type-1, dengue virus type-2, dengue virus type-3, dengue
virus type-4 and Japanese encephalitis virus.

10 Claims, 6 Drawing Sheets




U.S. Patent Nov. 24, 2015 Sheet 1 of 6 US 9,192,640 B2

100+
80+
604
2
L
(14
40+
20+
0 T T 1
0 20 40 60
concentration(ug mL-1)
(a)
Figure 1 (a)

100+

90+

80+

70+

RNA Level Reduction (%)
8

Concentration (ug/ml)

Figure 1 (b)



U.S. Patent Nov. 24, 2015 Sheet 2 of 6 US 9,192,640 B2

100+

60+

X
L
(14

40+

204

c T T T T 1
0 20 40 60 80 100
concentration(ug mL-1)
(@)
Figure 2(a)

100-
<)

S 80-
c
e
il
o

S 60-
T
]
(14

O 40

¢
o
-
<

Z  20-
12

0-

) 2 o) b N )

concentration(ug mL-1)

(b)

Figure 2(b)



U.S. Patent Nov. 24, 2015 Sheet 3 of 6 US 9,192,640 B2

100+
80
o 60-
S~
[T
(14
40-
204
0 T T 1
0 20 40 60
concentration(ug mL-1)
(a)
Figure 3 (a)
100+
S
c
02
it
o
S
©
O
x
©
>
o
-
<
Z
x

concentration(ug mL-1)

(b)

Figure 3(b)



U.S. Patent Nov. 24, 2015 Sheet 4 of 6 US 9,192,640 B2

1

RF%

RNA Level Reduction (%)

00+ - —e
80+
60+
40
20+
C T T 1
0 10 20 30
concentration(ug mL-1)
(a)
Figure 4(a)

100+

80+

60+

40-

20+

concentration(ug mL-1)

(b)
Figure 4 (b)



U.S. Patent Nov. 24, 2015 Sheet 5 of 6 US 9,192,640 B2

100+

0 T

0 50 100 150
concentration(ug mL-1)

(a)

Figure 5



U.S. Patent Nov. 24, 2015 Sheet 6 of 6 US 9,192,640 B2

Figure 6



US 9,192,640 B2

1

ANTIVIRAL COMPOSITION AGAINST
FLAVIVIRUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a composition having antiviral
activity for prophylaxis or treatment of positive-stranded
RNA virus infection or a disease, and more particularly to the
composition comprising flavonoid baicalein for prophylaxis
or treatment of a flavivirus infection.

2. Description of Related Arts

The positive-stranded RNA virus including flavivirus fam-
ily comprises many medically important viruses which
include dengue, a serious mosquito-borne disease common in
the tropics and sub-tropical regions of the world. Dengue has
caused many deaths and afflicted millions of people annually
and threatened almost 2.5 billion people living in the regions.
Itis amongst the most rapidly spreading mosquito-borne viral
infection.

Dengue is caused by dengue virus a member of the genus
flavivirus, family Flaviviridae, a positive-strand RNA virus.
Other common medically important virus in this family
includes Japanese encephalitis virus, Yellow fever virus,
Hepatitis C virus, West Nile encephalitis virus, Murray Valley
encephalitis virus, Tick-borne encephalitis virus, St. Louis
encephalitis virus and Kyasanur Forest disease virus. Infec-
tion by any of these viruses results in a wide spectrum of
clinical illnesses ranging from a silent asymptomatic or mild
febrile infection, self-limited infection to the severe encepha-
litis, hepatitis and deaths. Similarly, dengue can manifests as
self-limited dengue fever (DF) to severe dengue hemorrhagic
fever (DHF) and dengue shock syndrome (DSS). There are
four serotypes or genotypes of dengue virus, dengue virus
type-1 (DENV-1), dengue virus type-2 (DENV-2), dengue
virus type-3 (DENV-3) and dengue virus type-4 (DENV-4)
which are transmitted to human by at least two species of
mosquitoes, Aedes agypti and Aedes albopictus. All four den-
gue virus genotypes cause similar clinical symptoms. The
mechanisms of how one contracted severe dengue is still
unknown. The severity of dengue is said to be directly corre-
lated to the amount of virus present in a person’s blood.

To date, there is no approved therapeutics or antiviral
therapy for the treatment of most of the flavivirus infection if
not all of them, including dengue. There is no effective anti-
viral that can help to reduce dengue virus load in patients to
prevent the severe manifestation of dengue, DHF or DSS.
Due to the rapidly expanding dengue disease globally, it is
critical to develop an effective antiviral drugs or acceptable
vaccines against dengue. Effort to prevent dengue using vac-
cine is plagued with many potential issues and risks. There-
fore, an effective drug that can help to reduce dengue virus
load during early stage of infection is much desired.

Plants and plant derived compounds remained an impor-
tant source of new antiviral drugs due to their potential low
side effects and their ubiquitous accessibility in nature. There
have been a few reports on antiviral activities of various
phytochemicals against dengue viruses. Among these include
the flavonoids. Flavonoids are low molecular weight phenolic
compounds found widely in different types of plants. Differ-
ent types of flavonoids can be found in fruits, roots, nuts,
seeds, bark, steams and flowers of plants. Baicalein (5,6,7-
Trihydroxyflavone), which is a type of flavonoid, is found in
the roots of a number of herbal plants.

Antiviral activities of baicalein have been evaluated
against a number of common human viruses which include
the double-stranded DNA viruses, herpesviruses and few

20

30

40

45

50

2

negative-stranded respiratory viruses but none that demon-
strate it as inhibitor of a positive-stranded RNA virus repli-
cation. The application of baicalein as an effective inhibitor of
the positive-stranded RNA virus, more specifically the fla-
vivirus, dengue virus replication is emphasized in the present
invention.

US Patent Application Publication No. 2010/0004325 A1l
disclosed a new molecular and cellular effect of baicalein,
which is selected by a proxlylhydroxylase 2 (PHD2) inhibitor
screening method using a compound library. The cited art
analysed the hypoxia inducible factor (HIF) protein expres-
sion induced by baicalein in cells, quantitatively analyzed the
inhibitory effect of baicalein against PHD2, confirmed the
inhibitory effect against factor inhibiting HIF, and confirmed
whether VEGF is expressed by using a reporter assay and
ELISA. The cited art proved that baicalein can be used as a
drug to treat ischemic disease, and other related diseases.
Nonetheless, the cited art did not mention specific composi-
tion of baicalein that will work as inhibitor against flavivirus
replication. Therefore, there is a need to have a certain work-
able composition or concentration of baicalein that exhibit
antiviral property, particularly to dengue virus. Besides that,
there is a need to maximise the potential of baicalein for
reducing viral RNA replication in treating and preventing
infectious diseases triggered by RNA viruses belonging to the
genus of Flavivirus by having different concentrations of
baicalein to exhibit direct virucidal activity, prophylactic
property, and anti-attachment activity.

US Patent Application Publication No. 2008/0176932 Al
is an invention that relates to a pharmaceutical composition
having synergistic anti-tumour effects, more specifically to a
pharmaceutical composition comprising of flavonoids. The
cited art further relates to the preparation and pharmaceutical
use of the composition, which contains baicalein and baicalin
or scutellarin. The cited prior art also disclosed compositions
of baicalein and baicalin or scutellarin and its related com-
pound that exhibit anti-tumour effects, but did not mention
the composition on flavivirus replication. Therefore, there is
a need to have a composition or a compound that exhibit
antiviral property and inhibit flavivirus replication, particu-
larly in dengue virus and Japanese encephalitis virus.

U.S. Pat. No. 6,083,921 relates to pharmaceutical compo-
sitions having antiviral, antibacterial, or immune modulating
property in general and in particular to pharmaceutical com-
positions useful in the treatment or prevention of infection by
parainfluenza or respiratory syncytial virus. The pharmaceu-
tical compositions are obtained from combinations of plants
containing baicalin, chlorogenic acid, and forsythiaside par-
ticularly in isolated and purified form. The pharmaceutical
composition usefulness does not extend to positive stranded
RNA viruses particularly flavivirus. Therefore, there is a need
to resolve the cited prior art by having a composition consist-
ing of baicalein as the active antiviral ingredient, to treat and
prevent infection caused by the positive-stranded RNA virus
such as the flavivirus, for example dengue virus and Japanese
encephalitis virus.

SUMMARY OF INVENTION

It is an objective of the present invention to provide a
composition having antiviral activity for prophylaxis or treat-
ment of flavivirus infection or a disease resulting therefrom.

It is an objective of the present invention to provide the
composition having antiviral activity for prophylaxis or the
treatment of dengue virus infection or Japanese encephalitis
virus infection.
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It is also an objective of the present invention to provide the
composition having antiviral activity comprises inhibition of
virus replication, reduction in virus yield, virucidal activity
and inhibition of virus attachment to host cells.

Accordingly, these objectives may be achieved by follow-
ing and extending the demonstration of the present invention.
The present invention relates to a composition having antivi-
ral activity for prophylaxis or treatment of flavivirus infection
or a disease resulting therefrom in humans or animals, char-
acterised in that said composition consisting of baicalein, or
analogues, or derivatives thereof

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the invention will be more readily under-
stood and appreciated from the following detailed description
when read in conjunction with the accompanying drawings of
the preferred embodiment of the present invention, in which:

FIG. 1(a) is a graph showing reduction in the percentage of
dengue virus foci (RF %) after treating dengue virus infected
Vero cells with different concentrations of baicalein when
added before infection with dengue virus.

FIG. 1(b) is a graph showing reduction in the level of
dengue virus RNA after treating dengue virus infected Vero
cells with different concentrations of baicalein added before
infection with dengue virus.

FIG. 2(a) is a graph showing reduction in the percentage of
dengue virus foci (RF %) after treating dengue virus infected
Vero cells with different concentrations of baicalein, added
simultaneously during infection with dengue virus.

FIG. 2(b) is a graph showing reduction in the level of
dengue virus RNA after treating dengue virus infected Vero
cells with different concentrations of baicalein added simul-
taneously during infection with dengue virus.

FIG. 3(a) is a graph showing reduction in the percentage of
dengue virus foci (RF %) after treating dengue virus infected
Vero cells with different concentrations of baicalein, added
after infection with dengue virus.

FIG. 3(b) is a graph showing reduction in the level of
dengue virus RNA after treating dengue virus infected Vero
cells with different concentrations of baicalein added after
infection with dengue virus.

FIG. 4(a) is a graph showing reduction in the percentage of
dengue virus foci (RF %) after directly treating dengue virus
with different concentrations of baicalein.

FIG. 4(b) is a graph showing reduction in the level of
dengue virus RNA after directly treating dengue virus with
different concentrations of baicalein.

FIG. 5 is a graph showing reduction in the percentage of
Japanese Encephalitis Virus (JEV) foci (RF %) after treating
JEV infected Vero cells with different concentrations of
baicalein, added after infection with JEV.

FIG. 6 is a molecular structure of baicalein.

DETAILED DESCRIPTION OF THE INVENTION

Asrequired, detailed embodiments of the present invention
are disclosed herein; however, it is to be understood that the
disclosed embodiments are merely exemplary of the inven-
tion, which may be embodied in various forms. Therefore,
specific structural and functional details disclosed herein are
not to be interpreted as limiting but merely as a basis for
claims. It should be understood that the drawings and detailed
description thereto are not intended to limit the invention to
the particular form disclosed, but on the contrary, the inven-
tion is to cover all form of modifications, equivalents and
alternatives falling within the scope of the present invention
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as defined by the appended claims. As used throughout this
application, the word “may” is used in a permissive sense
(i.e., meaning having the potential to), rather than the man-
datory sense (i.e., meaning must). Similarly, the words
“include,” “including,” and “includes” mean including, but
not limited to. Further, the words “a” or “an” mean “at least
one” and the word “plurality” means one or more, unless
otherwise mentioned. Where the abbreviations of technical
terms are used, these indicate the commonly accepted mean-
ings as known in the technical field. For ease of reference,
common reference numerals will be used throughout the fig-
ures when referring to the same or similar features commonto
the figures. The present invention will now be described with
reference to FIG. 1-5.

The present invention relates to a composition having anti-
viral activity for prophylaxis or treatment of flavivirus infec-
tion or a disease resulting therefrom in humans or animals,
characterised in that said composition comprises baicalein, or
analogues, or derivatives thereof. The terms “analogues or
derivatives” as used herein also includes salts, solvates,
hydrates, prodrugs, and isomers including tautomers and ste-
reoisomers of baicalein.

In a preferred embodiment of the present invention, said
baicalein is in a concentration range of about 0.1 to 100% by
weight.

In a preferred embodiment of the present invention, the
effective concentrations of said composition are in a range of
1.6 pg/ml (1.56 pg/ml) to 100.0 pg/ml.

In a preferred embodiment of the present invention, said
baicalein is extracted from roots of plant Scutellaria
baicalensis.

In a preferred embodiment of the present invention, said
composition is formulated with a pharmaceutically accept-
able carrier.

In a preferred embodiment of the present invention, the
effective concentration of said composition having antiviral
activity comprises 50 pug/ml-100 pg/ml of baicalein.

In a preferred embodiment of the present invention, the
antiviral activity is virucidal activity.

In a preferred embodiment of the present invention, the
effective concentration of said composition having virucidal
activity comprises 12.5 ng/ml of baicalein.

In a preferred embodiment of the present invention, the
effective concentration of said composition is used in prophy-
laxis of Flavivirus infection or a disease resulting therefrom
in humans or animals comprises 50 ug/ml of baicalein.

In a preferred embodiment of the present invention, the
antiviral activity is inhibition of virus attachment to host cells.

In a preferred embodiment of the present invention, the
effective concentration of said composition having inhibition
of'virus attachment to host cells comprises 25 pg/ml of baica-
lein.

In a preferred embodiment of the present invention, the
flavivirus is selected from a group comprising dengue virus
type-1, dengue virus type-2, dengue virus type-3, dengue
virus type-4, and Japanese encephalitis virus.

In a preferred embodiment of the present invention, said
composition is for prophylaxis or treatment of dengue virus
type-2 and Japanese encephalitis virus.

A person skilled in the art may attempt to modify the
molecular structure of baicalein for the purpose similar to
present invention. It is possible for such modification by
adding, removing, or substituting moieties in the baicalein
compound. Said baicalein may be modified by means of
esterification, hydrolysis, saponification, resulting in substi-
tution in one or more positions or any other chemical pro-
cesses.
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FIG. 6 shows the molecular structure of baicalein.
Compound Baicalein

Formula 1

In a preferred embodiment, baicalein according to formula
1, or an analogue or derivative thereof, according to formula
1, including salts, solvates, hydrates, prodrugs, and isomers
including tautomers or stereoisomers of baicalein, wherein:

R;, R, Ry, R, RS, R, R, Ry, Ry, and R, which are each
independently selected from the group consisting of: —H,
—OH, —OR', —SH, —SR', —SOR', —NO,, —NH,,
—NHR', —N(R'"),, —NHCOR', —N(COR"),, —NHSO,R’,
—CN, halogen, —C(—0O)H, —C(—=O)R', —CO,H,
—CO,R!, alkyl, substituted alkyl, alkenyl, substituted alk-
enyl, cycloalkenyl, substituted cycloalkenyl, alkynyl, substi-
tuted alkynyl, aryl, substituted aryl, heterocyclyl, substituted
heterocyclyl, heteroaryl and substituted heteroaryl;

wherein each substituted alkyl, substituted cycloalkyl, sub-
stituted alkenyl, substituted cycloalkenyl, substituted alky-
nyl, substituted aryl, substituted heteroaryl, and/or substi-
tuted heterocyclyl has 1-3 substituents each independently
selected from the group consisting of:

—OH, —OR', —SH, —SR', —SOR', —SO,R!, —NO,,
—NH,, —NHR', —N(R"),, —NHCOR', —N(COR"),,
—NHSO,R', —CN, halogen, —C(—O)H, —C(—O)R/,
—CO,H, —CO,R, alkyl, alkyl substituted with 1-3 R", alk-
enyl, alkenyl substituted with 1-3 R", cycloalkenyl, cycloalk-
enyl substituted with 1-3 R", alkynyl, alkyny] substituted with
1-3 R", aryl, aryl substituted with 1-3 R", heterocyclyl, het-
erocyclyl substituted with 1-3 R", heteroaryl and heteroaryl
substituted with 1-3 R";

wherein each R' is independently selected from the group
consisting of alkyl, alkyl substituted with 1-3 R", cycloalkyl,
cycloalkyl substituted with 1-3 R", alkenyl, alkenyl substi-
tuted with 1-3 R", cycloalkenyl, cycloalkenyl substituted with
1-3 R", alkynyl, alkynyl substituted with 1-3 R", aryl, aryl
substituted with 1-3 R", alkylaryl, alkylaryl substituted with
1-3 R", heterocyclyl, heterocyclyl substituted with 1-3 R",
heteroaryl and heteroaryl substituted with 1-3 R"; and

wherein each R" is independently selected from the group
consisting of: —OH, —SH, —NO,, —NH,, —CN; halogen,
—C(—0O)H, and —CO,H.

In a preferred embodiment, the alkyl is methyl, ethyl,
n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, tert-butyl,
n-pentyl, 1-methylbutyl, 2-methylbutyl, 3-methylbutyl or
2,2'-dimethylpropyl. In a preferred embodiment, the aryl
comprises 4-10 carbon atoms. In a preferred embodiment, the
cycloalkyl comprises 3-6 carbon atoms.

In a preferred embodiment, the R,, R,, and R; are —OH.

In a preferred embodiment, the R, R, R4, R, Rg, Ry, and
R, are —H.

Baicalein has a molecular formula of C,sH,,O5

While it may be possible for the baicalein to be adminis-
tered alone, it is preferable to present them with the pharma-
ceutically acceptable carrier. Said carrier(s) optimally are
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6

acceptable in the sense of being compatible with other ingre-
dients or compounds of said composition and not deleterious
for any administration routes including oral, rectal, nasal,
topical, vaginal, or parenteral administration.

In a preferred embodiment, the pharmaceutically accept-
able carrier comprises water, solvents, pH buffering agents,
stabilisers, excipients, diluents, or mixtures thereof. As used
herein, the term “pharmaceutically acceptable carrier” means
inert, non-toxic solid or liquid filler, diluent or encapsulating
material, not reacting with the active ingredients according to
the present invention, which is baicalein. These carriers are
known to the man versed in the art. Wetting agents and emul-
sifiers, as well as release agents, coating agents, and preser-
vatives may also be present in the preparations of the present
invention. The amount of baicalein that may be combined
with the carrier materials to produce a single dosage form will
vary, depending upon the patient treated and the particular
mode of administration.

Theterm “pharmaceutically acceptable carrier” herein also
includes food additives generally used in foods and drinks,
such as a sweetener, a colouring agent, a preservative, a
thickening stabiliser, an antioxidant, a colour developing
agent, a bleaching agent, a bitter agent, an enzyme, a sour
agent, a seasoning, a nutrient supplement, a manufacture
facilitating agent, and a flavour.

The composition of the present invention formulated with
apharmaceutically acceptable carrier may be prepared in any
appropriate manner, for instance by homogenously mixing,
coating and/or grinding baicalein, in a one-step or multi-step
procedure.

Said composition may conveniently be presented in unit
dosage form and may be prepared by any method in the art of
pharmacy. Such methods may include homogenising said
composition with a chosen carrier before shaping product of
the homogenisation into a unit dosage form such as cream.

In a preferred embodiment of the present invention, said
composition can be formulated for any suitable route of
administration, depending on whether local or systemic treat-
ment is desired and which area is to be treated. Said compo-
sition may be prepared and formulated for parenteral admin-
istration, such as intravenous, intraperitoneal, intramuscular,
or subcutaneous injection. Said composition of the present
invention may also be prepared and formulated in a conven-
tional form either as liquid solution or emulsion, or solid form
for solubilising in liquid, which is suitable for injection. Said
parental administration may involve preparation including
the use of sterile aqueous or non-aqueous solutions, and
emulsions. Some examples of non-aqueous solvents that
could be used in formulating said composition of the present
invention are propylene glycol polyethylene glycol, veg-
etable oils, and injectable organic esters. Aqueous carriers
that could be used in formulating said composition of the
present invention may include water.

Said composition of the present invention may also be
suitable for oral administration, which may be presented as
capsules or tablets, each containing a predetermined amount
of baicalein; as a powder or granules; as solution; or as an
oil-in-water liquid emulsion.

A person skilled in the art can easily determine appropriate
dose, schedule, and method of administration for the exact
formulation of the composition being used, in order to
achieve what is desired as the “effective amount” in an indi-
vidual patient. Said dose may vary depending on the mode of
administration, age, and body weight of a patient, the symp-
tom developed by the patient and the like. The term “effective
amount” herein can be defined as, for example as the blood or
tissue level desired in the patient that corresponds to a con-
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centration of baicalein of said composition of the present
invention. The person skilled in the art can also be readily
determine and use an appropriate indicator of the “effective
amount” of said composition of the present invention by
pharmacological end-point analysis.

Below is an example of different optimum concentration of
baicalein in reducing the flavivirus, dengue virus and Japa-
nese encephalitis virus replication and viral RNA replication,
from which the advantages of the present invention may be
more readily understood. It is to be understood that the fol-
lowing example is for illustrative purpose only and should not
be construed to limit the present invention in any way.

EXAMPLE A

Example A shows a composition of baicalein that exhibits
prophylactic effects on dengue virus type-2 (DENV-2).

In order to determine the prophylactic anti-dengue activity
of baicalein, different concentrations of baicalein (6.25
pg/ml, 12.50 pg/ml, 25.0 pg/ml, and 50.0 pg/ml) were added
to the Vero cell monolayers five hours before adding virus.
After five hours of pre-infection treatment, the cells were
washed twice with phosphate-buffered saline (PBS). Then,
200 FFU (focus-forming units) of dengue virus type-2
(DENV-2) was inoculated to the cells to produce infected
cells. The infected cells were incubated at 37° C. for one hour.
Then the infected cells were washed two times with PBS to
eliminate the unadsorped viruses. Growth medium (the grow-
ing medium is but not limited to Eagle’s minimal essential
medium; EMEM) was supplemented with 2% fetal bovine
serum (FBS), 1 mM non-essential amino acid solution, 1 mM
L-glutamine solution, and 1.5% carboxymethyl cellulose
(CMC) solution) was added to the infected cells in the micro-
plate. The microplate was incubated at 37° C. for four days.
The number of viral foci formed and the viral RNA level were
determined. The prophylactic activity of baicalein against
DENV-2 was measured by the decrease in the number of viral
foci and reduction of viral RNA synthesis. The number of
DENV-2 foci was counted using a stereomicroscope and the
titer of virus was expressed as FFU. The percentage of foci
reduction (RF %) compared against controls was calculated
as follows: RF (%)=(C-T)x100/C, where, C is the mean of
the number of foci for negative control (without baicalein)
and T is the mean of the number of foci in treated wells.
Reduction in the number of viral foci was further verified
using quantitative RT-PCR (qRT-PCR) which determine the
copy number of dengue virus specific RNA. The same pro-
cedure was repeated to Vero cells which were treated with
only virus suspension without baicalein (non-treated cells)
and this served as the untreated control.

FIGS. 1(a) and (b) showed that pre-treatment of Vero cells
with 50 pg/ml of baicalein reduced the number of dengue
virus foci formed by ~37% and reduced the level of dengue
virus type-2 RNA production by 39.5%z=0.8, respectively
compared to non-treated cells. The IC;, of baicalein in pre-
treatment of cells was 108.8 pg/ml. IC;, (half maximal inhibi-
tory concentration) is a measure of the effectiveness of a
compound (baicalein) in inhibiting biological or biochemical
function (of cells infected with DENV-2).

EXAMPLE B

Example B shows a composition of baicalein that shows
inhibition of DENV-2 attachment to host cells.

Inhibition of DENV-2 attachment to host cells was evalu-
ated by adding different concentrations (3.12 pg/ml, 6.25
ng/ml, 12.5 ng/ml, 25.0 pg/ml, and 50.0 pg/ml) of baicalein to
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Vero cells simultaneously with 200 FFU DENV-2. Then, the
infected Vero cells were incubated at 37° C. for one hour in the
presence of the respective concentration of baicalein. Follow-
ing after, the infected Vero cells were washed two times using
sterile PBS. Growth medium supplemented with 2% fetal
bovine serum (FBS), 1 mM non-essential amino acid solu-
tion, 1 mM L-glutamine solution, and 1.5% carboxymethyl
cellulose (CMC) solution) was added to the infected cells in
the microplate. The microplate was incubated at 37° C. for
four days. The number of viral foci formed and the viral RNA
level were determined. The amount of viral RNA synthesis
was determined using quantitative real time polymerase chain
reaction amplification (QRT-PCR).

Results are shown if FIG. 2. FIGS. 2(a) and (b) showed that
25 pg/ml of baicalein reduced the number of dengue virus foci
formed by 76.6% and decreased the level of DENV-2 RNA
production by 90.3%z=1.6 compared to the non-treated cells
and the IC,, value was calculated to be at 7.14 png/ml (Higher
decrease in RNA level was observed for 50 ng/ml)

EXAMPLE C

Example C shows a composition of baicalein that shows
antiviral activity on dengue virus type-2 (DENV-2) replica-
tion when added post-infection.

In order to evaluate the antiviral activity of baicalein after
virus attachment to cells, virus inoculum consisting of 200
FFU DENV-2 was added to the monolayer Vero cells and the
virus was allowed to adsorp to the Vero cells for one hour ata
temperature of 37° C. Unadsorped viruses were removed by
rinsing the Vero cells with sterile PBS for two times. Different
concentrations of baicalein (3.12 pg/ml, 6.25 pg/ml, 12.5
png/ml, 25.0 pg/ml, and 50.0 pg/ml) were mixed with 1.5%
CMC containing cell-growth medium supplemented with 2%
FBS respectively before incubated at 37° C. for four days.
Then, the number of viral foci and viral RNA level were
measured.

FIGS. 3(a) and (b) showed that 50 png/ml of baicalein
reduced the number of dengue virus foci formed by 78.3%
and decreased the level of DENV-2 RNA production by
84.9%=+2.15 compared to the non-treated cells and the ICs,
value was at 6.46 pg/ml.

EXAMPLE D

Example D shows a composition of baicalein that shows
direct virucidal activity on dengue virus type-2 (DENV-2).

In order to determine the direct virucidal activity of baica-
lein against DENV-2, DENV-2 suspension containing 200
FFU was incubated with different concentrations of baicalein
(1.56 ug/ml, 3.12 pg/ml, 6.25 pg/ml, 12.50 ng/ml, 25.0 ug/ml)
at37° C. for two hours to produce a treated viral suspension.
Then, Vero cells were mixed with the treated viral suspension
to produce infected cells. After one hour adsorptionat37° C.,
the infected cells were washed twice with PBS to remove
unadsorped viruses. Growth medium supplemented with 2%
fetal bovine serum (FBS), 1 mM non-essential amino acid
solution, 1 mM L-glutamine solution, and 1.5% carboxym-
ethyl cellulose (CMC) solution) was added to the infected
cells in the microplate. The microplate was incubated at 37°
C. for four days. The number of viral foci formed and the viral
RNA level were determined.

FIGS. 4(a) and (b) showed that 12.5 pg/ml of baicalein
reduced the number of dengue virus foci formed by 97.93%
and decreased the level of DENV-2 RNA production by
99.2%=+0.4 compared to non-treated cells and its IC50 value
was 1.55 pg/ml.
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EXAMPLE E

Example E shows a composition of baicalein that shows
antiviral activity on Japanese encephalitis (JE) replication
when added post-infection.

In order to evaluate the antiviral activity of baicalein after
virus attachment to cells, virus inoculum consisting of 200
FFU JE was added to the monolayer Vero cells and the virus
was allowed to adsorp to the Vero cells for one hour at a
temperature of 37° C. Unadsorped viruses were removed by
rinsing the Vero cells with sterile PBS for two times. Different
concentrations of baicalein (12.5 pg/ml, 25.0 pg/ml, 50.0
ng/ml and 100.0 ng/ml) were mixed with 1.5% CMC contain-
ing cell-growth medium supplemented with 2% FBS respec-
tively before incubated at 37° C. for two days. Then, the
number of viral foci was determined.

FIG. 5 showed that 50 ug/ml of baicalein added post-
infection reduced the number of Japanese encephalitis virus
foci formed by >90% compared to non-treated cells.

Although the present invention has been described with
reference to specific embodiments, also shown in the
appended figures, it will be apparent for those skilled in the art
that many variations and modifications can be done within the
scope of the invention as described in the specification and
defined in the following claims.

I claim:

1. A method of treating an infection by a Flavivirus in a
subject in need thereof which comprises administering to the
subject an effective amount of baicalein which has the fol-
lowing structure
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and wherein the Flavivirus is dengue virus type-1, dengue
virus type-2, dengue virus type-3, dengue virus type-4, or
Japanese encephalitis virus.

2. The method according to claim 1, wherein the baicalein
is administered to the subject in the form of a composition
having the baicalein in a concentration ranging from 0.1 to
100% by weight.

3. The method according to claim 1, wherein the baicalein
is administered to the subject in the form of a composition
having the baicalein in a concentration ranging from 1.6
pg/ml to 100.0 pg/ml.

4. The method according to claim 2, wherein the compo-
sition is extracted from a plant.

5. The method according to claim 3, wherein the compo-
sition is extracted from a plant.

6. The method according to claim 2, wherein the compo-
sition is formulated with a pharmaceutically acceptable car-
rier.

7. The method according to claim 3, wherein the compo-
sition is formulated with a pharmaceutically acceptable car-
rier.

8. The method according to claim 1, wherein the baicalein
is administered to the subject in the form of a composition
comprising 50 pg/ml of the baicalein.

9. The method according to claim 1, wherein the baicalein
is administered to the subject in the form of a composition
comprising 25 pug/ml of the baicalein.

10. The method according to claim 1, wherein the baicalein
is administered to the subject in the form of a composition
comprising 12.5 pg/ml of the baicalein.

#* #* #* #* #*



